Methods are considered for optimizing a conventional Bragg-Brentano x-ray powder diffractometer for the identification of crystalline phases in airborne particulates deposited on membrane filters. The instrumental parameters investigated include detector stepping increment and scan range, KS filtration, and the incident beam divergence slit width.
INTRODUCTION
The technology for the analysis of airborne particulates has pro- makes photographic methods prohibitively labor intensive for the analysis of large numbers of samples.
In view of the deficiencies of photographic XPD, the direct measurement of air filters by x-ray powder diffractometry (XPDFT) is a preferable strategy. The XPDFT methods that have been used for this purpose involve two classes of filter media--1) relatively thick fiberglass or cellulose fiber filters in which a substantial portion of the particulate loading is deeply embedded in the body of the filter 5 ,6, and 2) mem~ brane filter types (e.g., cellulose ester) in which the filt~r serves as a substrate. The main difficulty with thick filter analysis is the attenuation of radiation by the filter medium. For example, if the analyte is deposited uniformly throughout a cellulose air filter, CuKa radiation will be attenuated by about 40%. Therefore, the observed signal is weaker than in the corresponding thin film case. The reduction in signal to noise which arises in this way is further diminished by the more intense backgrounds observed with thick filters. This means that sample loadings must be employed at levels in excess of those for membrane filters. -nther membrane filter-types considered j~-the study as alternatives to CE were polycarbonate (PC) and polytetrafluorethylene (PTFE). All three types are used extensively for air sampling in this laboratory and elsewhere. The technical specifications of the filters are listed in Table 1 .
DIFFRACTOMETER SETTINGS
The measurements were performed with a Norelco powder diffractometer, and a Cu anode x-ray tube operated at 40 kV and 20mA with a half-wave generator. The tube had focal spot dimensions 0.1 x 1.0 cm 2 , a
take-off angle of 3°, and was fitted with a Ni filter to discriminate against the B-component of the spectrum. The quantum detector was a sealed Xe side-window proportional chamber operating at 1500V, and with a counting efficiency of 50% and resolution of 15% for CuKa radiation.
Pulses were processed with a conventional pre-amplifier/amplifier/SCA chain. The diffractogram was accumulated in a 1024 memory MCA operated in multi-scaling mode. The detector arm was driven by a stepping motor synchronized to the multi-scale advance. In this study we have adopted a slightly different approach by fixing the total measurement time and expanding the stepping increment to minimize the number of data points stored in the MCA while retaining adequate pattern resolution. This is an important consideration in mass survey studies such as the St. Louis RAPS where data storage rapidly becomes a major problem. We demonstrate here that a 1K MCA can be adequate for data acquisition. Louis RAPS. This is because in such studies,the number of possible compounds is limited and therefore there is less need for d-spacing precision than is the case with general XPD work. In the present study, the signal: noise ratio liB lies in the range 0-1.
Accordingly, we require that the maximum value of kB should be in the range 0.125-0.25. This cannot be achieved with infinitely thin samples deposited on the membrane filter substrates such as considered in this study.
A further alternative would be to dispense with filtration and to use a Si(Li) detector in place of the gas counter. The energy resolution of present day Si(Li) detectors is more than adequate for KS elimination.
Another strategy would be to use an interative procedure to eliminate the S component numerically. This would require only a knowledge of the variation in peak profile with Bragg angle. The correction would be applied to the peaks in descending intensity order until the computed KS corrections are negligible with respect to counting statistics.
Divergence Slit
The length L of specimen irradiated for a divergence angle a radians at Bragg angle 8 is aRl sin8 ' where R is the radius of the goniometer circle. This results in a progressive reduction in sample coverage with Bragg angle when a is fixed. For a = 1°, the value employed for the Fig.   1 scans, the computed L reduces from 34 to 7 mm over the scan range 28 = 10-50°. Thus the 1° slit results in the loss of 66% of the available intensity at 28 = 30° and 79% at 28 = 50°. The marked loss of intensity with increase .in Bragg angle is especially undesirable as this is accompanied by an angularly-dependent loss in coherent signal intensity due to thermal motion effects. Accordingly, a fully optimized XPDFT for thin film work should incorporate a continuously variable divergence slit, or a series of fixed slits, to provide broad sample coverage over
the entire scan. This is demonstrated in Fig. 3 which shows the effect of using a continuously variable slit.
SAMPLE RELATED FACTORS
Choice of Sample Substrate--Pattern Background The diffuse scatter peaks observed in all three patterns comprise coherent radiation from short-range ordering of the membrane molecules. Accordingly, it is impossible to eliminate this component by energy discrimination. This also applies to the series of sharply defined peaks associated with the PTFE background.
Specimen Displacement
In the ideal Bragg-Brentano case, the sample curvature should match the radius of the focusing circle given by R/2 sin8. As the filters are mounted in rigid frames, it is virtually impossible to achieve this condition, and therefore the diffraction peaks broaden progressively with increase in Bragg angle. Given this circumstance, slight deviations in the surface of the filter from its ,assumed planarity are unlikely to cause a significant increase in the broadening.
The'most serious source of error is that due to the displacement of the specimen plane from the goniometer axis. Displacement of the specimen plane by amount 6 R results in a bias of the pattern 6 28 = (2.6R/R)cOS8. This source of error can assume serious proportions with transparency slides of the type used in the present study.
Variation in the thickness caused by molding irregularities on the stressed that it has been found in this laboratory that the EDXRF gives negligible degredation relative to the losses reported for WDXRF, presumably because the radiation exposure is relatively small in EDXRF.
The only elements for which substantial and consistent losses were observed during 22 hour XPDFT scans were Br and Cl. For 12 fine fraction air samples, the Br losses ranged between 5 and 30%, and the Cl losses between 10 and 75%.
The effects found underline the need for caution when using XRD procedures to study the chemistry of lead halide compounds in the atmosphere. This point has not been made in the literature describing various XRD investigations of vehicular lead chemistry.
Clearly, the nature and extent of these Br and Cl losses should be investigated in more detail. Additionally, it would be desirable to employ more efficient XRD techniques so that sample irradiation can be substantially reduced (see following section).
IMPROVING DATA ACQUISITION RATES
While it has been demonstrated in this paper that useful diffraction patterns can be obtained by conventional Bragg-Brentano diffractometry with scans in the vicinity of 24 hours, data should be recorded at much faster rates in large scale studies. Various strategies might be adopted, including the use of a more intense x-ray source and/or a more efficient detection system.
The scanning times could be reduced to 5-10 hours using a 1800W x-ray tube in place of the 800W tube used to generate the patterns, and a further order of magnitude gain could be achieved with a rotating anode x-ray tube. The count rates would be in the vicinity of 5000 cps which is within the operational range of scintillation, gas proportional, and
semiconductor detectors. The much higher flux available with synchrotron radiation could virtually eliminate the data acquisition problem.
The detection efficiency could be improved by adopting an energy dispersive (ED) approach. ED diffractometry with tube generated radia-.
tion has been discussed frequently in the literature (e.g., refs. 13-15), but the technique has not been extensively used because the resolution limitations of ED detectors gives poorly resolved diffraction patterns.
Typically the relative d-spacing uncertainties exceed the values in conventional diffractometry (CXRD) by a factor of two or so. This loss can assume major proportions when studying samples comprising multiple crystalline phases.
A second, and probably more attractive option is the use of a position sensitive gas detector. Recently, Gobe1 16 described a Bragg
Brentano instrument in which data is obtained about xl00 faster than in CXRD by scanning with a high pressure xenon-methane counter which can simultaneous 1y measur~, 100 channel s of i nformati on with the angu1 ar resolution matching that of CXRD.
CONCLUSION
It has been shown that x-ray diffraction patterns can be generated with airborne particulates deposited on membrane air filters using a conventional Bragg-Brentano diffractometer. Typically, after careful optimization of various instrumental factors, patterns can be generated with a 800W diffraction tube in about 24 hours if the sample concentration is in the vicinity of several hundred ~g/cm2. Data can be generated at much faster rates by various instrumental refinements, the most promising approach appearing to be the use of a position sensitive gas detector which offers a xl00 greater improvement in data acquisition rate.
-17- Table 1 ). CuKa tube radiation generated at 40kV and 20 rnA with half-wave generator; tube focal spot = 0.1 x 1.0 cm 2 , take-off angle = . 
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